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Book Review 
Fv, K. S. Syntactic Methods in Pattern Recognition. New "fork: Academic 
Press, 1974. $23.50. 
Fu brings together, for almost the first time in textbook form, topics in 
syntactic pattern recognition that were formerly only to be found in journals 
and review articles. His treatment of them begins with a brief survey of 
definitions and theorems from the mathematical theory of formal languages 
(phase structure grammars) and automata. This introductory material is given 
without proofs, which are, in any case, not required in view of the stated 
aims of this book. This portion of the text is quite good, though it demands a 
notational precision that makes for slow reading for the uninitiated. Sum- 
maries of this sort can all too easily take on the appearance of a rigorous 
mathematical text from which the proofs have been deleted and the remaining 
definitions and theorem statements packed together. There seems little 
alternative to this format, though Fu has done well in his treatment, splicing 
together the fragments of theory with examples that explain the definitions 
and illustrate the operation of various grammars and their acceptors. The 
text in Chapter 2 is flawed by a number of minor printing errors, none 
leading to any ambiguity, as what is intended is quite clear from the context. 
They were not matched by errors as obvious in the theoretical portions of 
the text and presumably only arose when a diligent proof-reader relaxed a 
watchful eye. 
Syntactic methods originated in the mid-1950's in the analysis and 
description of natural anguages. They have since been applied to problems 
with the same structural formalism as natural language. More generally, 
syntactic methods exist as one of a set of available descriptive techniques 
for describing and solving a problem where a hierarchical structure can be 
imposed. Chapter 3 looks at examples of some typical problems, developing 
the details of grammars appropriate to each. This section is useful for its 
description of specific problems that have proved amenable to a syntactic 
approach, though there are some examples with which sophisticated syntactic 
methods eem ill at ease. The tidy and formal development of grammars in 
Chapter 2 is altered somewhat in this chapter, as alternative grammars 
(web, plex, tree, graph) are introduced in rapid succession as individual 
problems demonstrate he need for descriptions other than those possible 
with the usual phrase structure grammars. Once introduced, these other 
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grammars are relegated to one of the numerous appendices and the text 
then returns to the consideration of phrase structure grammars in their 
"ordinary," modified, and stochastic forms. 
With complementary formal and heuristic treatments of the grammatical 
description of strings and pictures in Chapters 2 and 3, respectively, Chapter 4
then proceeds to give a particularly readable account of parsing and the 
recognition of strings produced by context-free grammars. Here the author, 
with excellent descriptions of the basic algorithms for top-down and bottom- 
down left-right parsing, has met his goal of producing a reference for com- 
puter scientists and engineers and a supplementary textbook for pattern 
recognition students. However, as more sophisticated algorithms are in- 
troduced and the notions of LR(h) and precedence grammars are developed, 
the examples and the descriptions accompanying them become sketchier and, 
in at least one instance, not without minor typographical errors; the reader 
at this stage is forced to rely on flow chart descriptions and references in the 
bibliography for the completeness he or she was formerly able to obtain in 
the text. One is left with the impression that the treatment becomes more and 
more condensed as the complexity of the material increases. This may, 
however, suit both the student who would simply skip these sections at first 
reading, and the user-oriented engineer who would proceed to original 
sources in any case. 
Stochastic grammars are a very recent development and their inclusion 
in this book is one of its most interesting features, since the author collects 
and summarizes the major results in the field of stochastic grammars and 
syntax analysis. This must necessarily make for a dense collection of defini- 
tions and theorems, yet the clarity of Fu's rendering of them is on a par with 
his treatment in Chapter 2. The important link between theory and operations 
is well forged, and numerical examples are used liberally in Chapter 5 to 
illustrate the operations of both the productions in a stochastic grammar and 
the mappings in the associated stochastic automaton, as well as the computa- 
tion of the probabilities of the strings generated by a stochastic grammar. 
Here the obvious relationship of the derivation of a string in a stochastic 
grammar to a Markov chain is usefully noted. The results of Chapter 2 and 4 
for deterministic grammars are carried over to stochastic grammars in the 
first and second halves of Chapter 5, respectively. 
Specific problems in stochastic syntax analysis are considered in Chapter 6, 
drawing on the largely theoretical development of the previous chapter. 
Syntactic descriptions and analyses with stochastic languages are given for 
median, submedian, and acrocentric hromosomes and for noisy geometric 
figures. Numerical results are given for experiments in the estimation of 
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production probabilities and in the comparison of the performance of 
various strategies used by stochastic analyzers. 
The problems associated with the syntactic description of strings fall into 
at least three classes. Given a grammar G, one can be asked to determine the 
language L(G), generated by that grammar. The second class, the recognition 
problem, is as follows: given a string x and a set of grammars G1 , G 2 .... , G~, 
determine the grammar most likely to have generated that string. Finally, 
as a third class of problems, given a set of strings x 1 , x 2 ,..., x~, presumably 
samples of the language L(G), one is required to find a grammar, G 
(VN, VT, S, P, D), whose language includes the given strings--this is the 
grammatical inference problem, the topic of Chapter 7. 
The treatment here begins with twenty definitions, with but one example. 
Notwithstanding, the algorithms for grammatical inference that follow are 
clearly and very satisfactorily developed; with numerical examples, their 
operation can be traced with scarce attention paid to the theoretical issues in 
the introduction of the chapter. Specific algorithms are given for infering 
finite-state, operator-precedence, pivot, stochastic ontext-free grammars, 
and stochastic automata. 
Fu's book is an ambitious project since it is an attempt at both a survey 
and a development on material found to a large extent in the recent literature 
on syntactic methods in pattern recognition. His treatment is essentially of 
context-free grammars, their acceptors, and the class of problems to which 
they are appropriate. With the extensions that lead to indexed and program- 
med grammars, context-free languages are applicable to a greater ange of 
problems than they would otherwise. At the same time, they spare one the 
computational complexity of the next higher order class of languages, the 
context sensitive languages. In addition to context-free grammars, a number 
of specialized grammars are introduced and discussed as the need for them 
has been demonstrated by particular pattern recognition problems. 
A large amount of material of both a practical and theoretical nature is 
covered; this range is admirable, though inevitably the depth of presentation 
is not uniform and the choice of topics to be emphasized will not satisfy 
every reader. To be sure, completeness and thoroughness are often practically 
irreconcilable in a monograph of this sort. Fu's attempt to bring this material 
together in a coherent manner, in the face of the innate difficulty of this task, 
is on the whole successful. He presents the core of his subject matter well, 
though the boundaries of it are necessarily less well defined. Since many of 
his sources are recent and have yet to become widely familiar, references to 
them could well have been simple restatements of their results. Fu has, 
however, by and large avoided this and, much to his credit, achieved aunified 
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development wherein the topics are discussed with reference to their logical 
antecedents. The material is logically organized, both within and between 
chapters. In detail though, certain topics (syntactic analysis of context-free 
programmed languages, grammatical inference by enmneration) are more 
pleasingly developed than others (grammatical inference by induction). 
The appendices, nine in all, complete the presentation. The user-oriented 
reader will appreciate their inclusion for their mention of the practical 
pattern recognition problems to which syntactic methods have been applied. 
Here also is to be found a more detailed discussion of languages designed 
to meet the needs of two-dimensional patterns. As we have noted, these fall 
outside the classical domain of the theory of formal languages, which has 
evolved primarily to describe one-dimensional patterns. These grammars are 
thus extremely useful and worth incorporating into the book, though they 
would fit awkwardly into the theoretical development of the text proper. 
The very existence of a single reference in this field is very welcome. 
Certainly Fu has provided the basic introduction a student would require. 
In addition to this, however, there is a very thorough bibliography, compiled 
by chapters, which serves as the departure point from which a reader could 
select a more comprehensive tr atment ofany given topic. One is occassionally 
perplexed to find a numbered reference listed in the bibliography which is 
not cited anywhere in the text. The author index has what at first appears 
to be an awkward notation but one that can be used fairly comfortably in 
locating awork, referenced by its author, in the bibliography. These, however, 
are minor points in comparison to the subject index, which is hardly adequate 
and not at all up to the standard one would expect of a book with the aims of 
this one. A number of topics, either covered or referred to in the text, do not 
appear in the index (Greibach normal form, bracket languages, unrestricted 
phrase structure grammars, random and fixed strategies in stochastic pattern 
analysis). Others are inadequately, and in one case (deterministic languages) 
misleadingly indexed. 
Given the very real problems inherent in a text of this scope, Fu's "Syn- 
tactic Methods in Pattern Recognition" has done well in drawing together a
remarkably large number of sources into a useful monograph. It is a unique 
text, and for the time being, stands alone as a reference in the field of syntactic 
pattern recognition. 
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